Objective To study the association between the level of Cesarean hysterotomy and the presence of large uterine scar defects 6-9 months after delivery. (P < 0.001; odds ratio, 8.7 (95% CI, 
Results Of 122 patients enrolled in the trial, 114 were assessed by ultrasound examination, of whom 55 were randomized to high and 59 to low CS incision. Large scar defects were seen in four (7%) women in the high-incision group and in 24 (41%) in the low-incision group (P < 0.001; odds ratio, 8.7 (95% CI, 2.8-27.4)).
There were no differences in operative complications and perinatal outcomes between the two groups. The median follow-up time was 4 years and 7 months, during which 56 (49%) women had a subsequent pregnancy. No significant differences were observed in the rate of complications in subsequent pregnancy and delivery between women who had low and those who had high incision at the index CS.
INTRODUCTION
The rate of Cesarean section (CS) has increased globally over the past few decades [1] [2] [3] [4] . Cesarean delivery is associated with increased risk of obstetric complications in subsequent pregnancy such as scar pregnancy, placenta accreta, placenta previa and uterine rupture [5] [6] [7] [8] . A correlation has been shown between lower uterine segment (LUS) thickness on ultrasound examination in the third trimester and the risk of uterine rupture at delivery 9 . Previous studies have suggested that LUS thickness is greater if CS is performed in the active phase of labor, but this may be an erroneous finding due to the placement of the uterine incision (scar) lower in the uterine segment than the level at which conventional LUS measurement is made 10 . Cesarean hysterotomy scars can be visualized reliably using transvaginal ultrasound examination in non-pregnant women [11] [12] [13] , with saline contrast sonohysterography (SCSH) being superior to conventional ultrasound examination for the evaluation of Cesarean hysterotomy scar defects 14 . Previous studies have shown that large scar defects are located lower in the uterus when CS is performed in the late stages of labor (cervical dilatation ≥ 5 cm) 15, 16 . This is because the LUS becomes thinner and expands as it is pulled upwards due to contractions, cervical effacement and dilatation during labor 17, 18 . An association between large scar defects in non-pregnant women and uterine rupture/dehiscence of scar in a subsequent delivery has been suggested 19 .
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High incision Discrepancy 4 cm Figure 1 Diagram showing position of high and low Cesarean section incision. In high-incision group, incision is made in uterus 2 cm above plica vesicouterina. In low-incision group, uterine incision is made 2 cm below plica vesicouterina.
It is obvious, therefore, that CS in the late stages of labor should be carried out with appropriate consideration of the anatomical changes of the LUS. Too low an incision on the uterine segment may increase the risk of large defect in the hysterotomy scar and this may subsequently lead to scar dehiscence and/or uterine rupture in a subsequent pregnancy 15, 19 .
The aim of this study was to assess the association between Cesarean hysterotomy level and the incidence of large hysterotomy scar defects detected using SCSH 6-9 months after delivery.
METHODS
This was a two-center, randomized, single-blind trial of a surgical procedure with masked assessment of the principal outcome under study.
Following approval of the study protocol by the Ethics Committee of the Medical Faculty of Lund University, Sweden (reference number 2008/679), there was an organization period from July 2009 to March 2010 during which optimization of personnel practice and data management was carried out. A group of five experienced surgeons was selected for the study. Operation techniques were discussed and the method that would be used in all patients participating in the study was agreed upon. Sixteen patients were interviewed to assess the response rate from patients willing to take part in the study. The patients were managed according to our routine clinical practice. Recruitment of patients started in March 2010, after the trial was registered on www.clinicaltrials.gov (NCT 01091181).
Women without a previous CS who intended to have a vaginal delivery at Malmö University Hospital and Helsingborg Hospital, Sweden, between March 2010 and February 2015, were eligible for inclusion. On admission to the labor ward, women were informed about the trial and asked if they would be willing to participate if there was medical indication for a late-stage Cesarean delivery.
Women were included in the trial if gestational age at delivery was > 37 weeks and they underwent emergency CS at cervical dilatation ≥ 5 cm according to the local hospital obstetric practice. Women were excluded if they had had previous CS or uterine surgery other than cone biopsy, loop electrosurgical excision procedure, dilatation and curettage or dilatation and evacuation. Women were also excluded if there was need for an immediate CS, defined as need for delivery within 20 min of deciding to perform CS. Informed consent was obtained from all participants.
Women were randomized into two groups: a high-incision and a low-incision group. Randomization was computer-generated using two blocks and was supervised by a statistician; randomization results were placed in sequentially numbered sealed envelopes. Immediately before the start of an operation, the next consecutively numbered envelope containing a description of the level of incision was opened and the result was given to the surgeon. The result of randomization was documented in the operation notes. The mother was not informed about the level of incision.
Surgical procedures were carried out by one of five experienced obstetricians. After the decision regarding CS was made by an attending physician in the labor ward, one of the five surgeons was called to the operating theater to perform it.
Surgical entry into the abdominal cavity was performed using the Joel-Cohen technique. The bladder peritoneum was incised superficially at the level of plica vesicouterina. A sterile ruler was used to measure the level of incision. In the high-incision group, the incision was made 2 cm above, and in the low-incision group 2 cm below, the plica vesicouterina ( Figure 1 ). After delivery of the baby and removal of the placenta, the uterus was closed with double-layer continuous suture using Vicryl (coated VICRYL ® (polyglactin 910) suture, Ethicon Inc., a Johnson & Johnson company, Somerville, NJ, USA). All patients received the standard postoperative care.
The principal outcome was presence of a large hysterotomy scar defect on transvaginal SCSH 6-9 months after delivery. All women were scanned by one examiner (O.V.) who was blinded to group allocation. The examination technique has been described in detail previously 14 . A scar defect was defined as large if the remaining myometrium over the defect was ≤ 2.5 mm on SCSH 14 . Images were stored in a digital image-storing system (Siemens Syngo Dynamics, version VA20A; Siemens Medical Solutions Health Services Corp., Malvern, PA, USA). A medical history was taken by a secretary following a standardized research protocol (parity, medication, contraceptives, breastfeeding, day of menstrual cycle, earlier deliveries and gynecological operations) and information was noted on a paper form. Secondary outcomes were perinatal outcomes, operative complications within 8 weeks after delivery and long-term effects in a subsequent pregnancy.
All women were followed up until October 2017. In this long-term follow-up, medical records were scrutinized with regard to outcomes in a subsequent pregnancy (miscarriage, scar pregnancy, placenta previa, placenta accreta, uterine rupture or dehiscence of scar).
In a power calculation performed before the trial, we anticipated a reduction in the rate of large scar defects from 20% to 5%. This assumption was based on results from a previous study demonstrating large defects in the hysterotomy scar in 20% of women examined 6-9 months after CS performed when the cervix was dilated ≥ 5 cm 15 . The power calculation (80% power and 5% alpha) demonstrated a need for 88 women in each group. To compensate for drop-outs, we planned to include 200 women in the trial.
Statistical analysis was performed using the statistical software package SPSS v24.0 (SPSS Inc., Chicago, IL, USA). Differences in categorical data were studied using Fisher's exact test. A P-value < 0.05 was considered statistically significant.
RESULTS
In total, 122 women were included in the trial, of whom 60 were randomized to high and 62 to low CS incision. After exclusions due to uterine anomaly or loss to follow-up, 55 women from the high-incision and 59 from the low-incision group were included in the analysis (Figure 2 ).
There were no differences in patient characteristics between the two groups ( Table 1) . Between 2010 and 2015, the overall rate of CS remained stable, at around 14%, with no change in the distribution of elective and emergency CS in the two participating hospitals.
Large scar defects on transvaginal SCSH 6-9 months postpartum were observed in four (7%) women in the high-incision group and in 24 (41%) in the low-incision group (P < 0.001) (odds ratio, 8.7 (95% CI, 2.8-27.4)). Data are given as mean ± SD or n (%). BMI, body mass index; GA, gestational age. Data are given as n (%) or n/N (%). US, ultrasound examination.
Elective CS (n = 12 (32%)) Sonographic assessment of hysterotomy scar 6-9 months after index CS (n = 114) Subsequent delivery (n = 9 (32%)) TOLAC (n = 7 (78%)) TOLAC (n = 26 (68%)) Emergency CS (n = 12 (46%)) VBAC (n = 14 (54%)) Figure 3 Flowchart showing mode of delivery and incidence of uterine rupture/dehiscence in patients who had subsequent delivery, according to presence or absence of large hysterotomy scar defect on transvaginal saline contrast sonohysterography 6-9 months after index Cesarean section (CS). TOLAC, trial of labor after CS; VBAC; vaginal birth after CS.
Secondary outcomes are presented in Table 2 . No differences were found in operative complications and perinatal outcomes between the two groups. There were no neonates with low Apgar score or metabolic acidosis. Based on operation notes, two babies in the low-incision group and seven babies in the high-incision group were difficult to deliver, but the difference was not statistically significant. No cases of postpartum infection were noted.
The median time of follow-up was 4 years and 7 months (range, 2 years and 8 months to 7 years and 7 months) after the first CS. Overall, 56 (49%) of the 114 women became pregnant again during that time period. No significant differences were found in the rate of complications in subsequent pregnancy and delivery between women who had low and those who had high incision at the index CS (Table 2 ). There were no clinical signs of uterine rupture in the women who gave birth vaginally. Uterine rupture/dehiscence occurred in two women who had CS, one from the low-and the other from the high-incision group. The mode of delivery of women with subsequent pregnancy, according to the presence or absence of large scar defect on ultrasound examination 6-9 months following the index CS, is presented in Figure 3 .
DISCUSSION
We found a significant difference in the incidence of large scar defects detected on ultrasound 6-9 months postpartum between women who had a low and those who had a high CS incision. Patients in the low-incision group had a 6-fold higher rate of large scar defects compared with the high-incision group.
The main strength of the present study is its randomized design. In addition, blinding technique was used to assess the principal outcome and all patients were examined using SCSH, which is considered to be the gold standard for assessment of scar defects in non-pregnant women 14 .
A possible limitation of this study is that recruitment was stopped after enrolment of 122 women when the power calculation demonstrated a need for 176 women. We stopped recruitment because of structural changes in the two participating hospitals and difficulty to maintain a surgical staff of five experienced obstetricians to perform all procedures. Despite this, the difference in the principal outcome under study reached statistical significance even with follow-up of 114 women. This was due to the higher-than-anticipated incidence of large scar defects in the low-incision group, whereas the proportion of large defects in the high-incision group was close to 5%, as anticipated before the study began.
It could be argued that the clinically important end result of this trial should have been uterine rupture/dehiscence of the scar in a subsequent pregnancy and not a proxy measure of large scar defect by SCSH 6-9 months after delivery. In our long-term follow-up we registered one uterine rupture and one dehiscence of scar among 114 women (1.75%). A randomized trial comparing the two treatments would need a sample size of around 4500 women in order to reach a power of 0.8 and significance level (alpha) of 0.05, assuming a 50% reduction and true proportions of uterine rupture/dehiscence of scar of 1.75% and 0.88% in the treatment groups, respectively.
The findings of the present trial support the hypothesis that cervical tissue may be incised and included in the suture when low incision is performed during CS in the late stages of labor. This could result in less favorable healing capacity. Our study shows that low incision is associated with the occurrence of large defects in the hysterotomy scar. It is generally accepted that hysterotomy incision in advanced labor should be performed high, but it was surprising to notice that the incision should be performed at an even higher level than we thought previously. Thus, CS in the late stages of labor must be carried out with appropriate consideration of the anatomical changes of the LUS.
In the high-incision group, the incidence of difficult-to-deliver fetuses at CS was over four times higher than in the low-incision group. However, in the operation notes it was clarified that in all cases this was due to asynclitism of the fetal head and not due to the level of incision. Only one case required T-incision to deliver the baby. These are interesting observations and larger studies are needed to assess further the outcomes of high Cesarean hysterotomy level.
Of patients who had a subsequent delivery, one uterine rupture was observed in the high-incision group and one uterine dehiscence in the low-incision group. In both cases, labor was induced with Foley catheter and the indication for CS was labor dystocia. In the one case of uterine rupture, the duration of active labor was 12 h and oxytocin augmentation had been administrated for 11 h. In the case of dehiscence of scar, the duration of active labor was 8 h with 7 h of oxytocin augmentation. In both cases, the women had large scar defects at ultrasound examination 6-9 months after the index CS. This is in agreement with a previous study in which an association between large scar defects and uterine rupture/dehiscence in a subsequent pregnancy was suggested 19 . A previous study 15 found that 53% of CS performed at cervical dilatation ≥ 5 cm resulted in a large defect in the hysterotomy scar. The difference in the prevalence of large scar defects between this previous study and the current one could be explained by the fact that the majority of Cesarean incisions were performed low in the uterus and that 84% of uterine closures were done using single-layer closure in the previous study, whereas double-layer closure technique was used for all participants in our study. The benefits of double-layer closure technique have been demonstrated in a randomized controlled trial by Roberge et al. 20 and in an observational study on large scar defects after one-layer uterine closure compared with two-layer closure 15 . A recent randomized control study showed that the remaining myometrium over the defect was thicker after double-layer closure 21 , a finding also supported by evidence provided in a recent systematic review 22 .
In conclusion, we found that higher Cesarean hysterotomy level in women in advanced labor might reduce the incidence of large scar defects detected on transvaginal SCSH 6-9 months after delivery. Larger studies are needed to determine if this approach could possibly decrease the risk of uterine rupture and other complications in subsequent pregnancy and delivery.
